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METHODS FOR DETERMINING THE 
PRESENCE OR ABSENCE OF 

MICROORGANISMS IN LIPID-CONTAINING 
COMPOSITIONS 

The present invention relates to methods of detecting the 
presence or absence of microorganisms in and of validating 
the sterility of compositions Which contain substantial quan 
tities of lipids. 

BACKGROUND OF THE INVENTION 

Process validation refers to the concept of demonstrating 
the ef?cacy of a particular process through scienti?c meth 
ods. Injectable compositions Which are to be administered to 
humans must be validated for sterility before the product can 
be safely released to consumers. This is commonly achieved 
through the use of a standard battery of microbiological tests 
Which are based on the principle of attempting to isolate 
viable microorganisms from samples of the pharmaceutical 
product. Generally, this may involve passing the pharma 
ceutical product through a ?lter and isolating any microbes 
Which may be present in the composition on the surface of 
the ?lter. The ?lter is then incubated in a microbiological 
medium and examined for microbial groWth. Alternatively, 
the sample may be assayed for microbial groWth by direct 
inoculation in a groWth medium. By performing such assays 
With controls, scientists are able to demonstrate When the 
product of interest is free of contaminating microorganisms 
and therefore safe for distribution to consumers. 

The validation of the sterility of lipid-rich compositions 
has presented particularly intractable problems. These com 
positions may include microcrystals, liposomes, 
microdroplets, and other compositions With a high lipid 
content. These compositions are generally un?lterable 
because their heavy lipid matrix quickly blocks the pores of 
the ?lter or membrane, thereby stopping the How of liquid. 
Even the use of heat, emulsi?ers, and pH adjustment often 
fail to convert these compositions into ?lterable solutions. 
While such products can sometimes be validated by direct 
inoculation, this is not feasible When the pharmaceutical or 
chemical product is itself bactericidal in nature. These 
problems are particularly acute, and these methods even 
more unsuitable, in circumstances Where the product con 
tains large quantities of antibiotics. Because of these 
obstacles, it has been thought that compositions Which 
contain microcrystals., liposomes, and microdroplets are 
un?lterable. Presently, there are no available methods for 
?ltering these compounds and validating their sterility such 
that they can be con?dently distributed to consumers. This 
problem is particularly acute When the composition contains 
a bacteriocidal agent. We have observed the surprising result 
that these compounds can be brought to a ?lterable state by 
applying the chemical principles and schemes described 
herein. 

The present invention provides a convenient, easily 
performed, and reliable method for determining the presence 
or absence of microorganisms or for validating the sterility 
of lipid-containing compositions. The method can be eco 
nomically performed using commonly available chemicals 
and laboratory equipment Within short timeframes to vali 
date the sterility of products of interest. The methods dis 
closed herein are also suitable for validating the sterility of 
chemical and pharmaceutical products Which contain large 
quantities-of antibiotics or other bacteriocidal agents. 

SUMMARY OF THE INVENTION 

The present invention provides methods of determining 
the presence or absence of microbes in a composition 
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2 
containing a lipid. In preferred embodiments, the lipid may 
be present in the composition in the form of a phospholipid, 
for example, as lecithin. In particularly preferred 
embodiments, the lipid may be present in the composition in 
the form of liposomes, microcrystals, or microdroplets. The 
composition may also contain a bacteriocidal agent, such as 
an antibiotic. In preferred embodiments, the bacteriocidal 
agent may be oxytetracycline, and the microbes may be a 
type of bacteria. 
The method is conducted generally by dissolving the 

composition containing a lipid-in a diluent solution to form 
a diluted sample, passing the diluted sample through a 
?ltration device, incubating the microbes Which may be 
present on the ?ltration device for a time necessary to 
observe the groWth of microbes Which may be present, and 
examining the assay result to determine the presence or 
absence of microbes. The dissolution step may be accom 
plished by providing a diluent solution at a pH Where the 
solubility of the composition containing the lipid, or the 
solubility of a major component of the composition, is 
enhanced relative to other pH points. In preferred 
embodiments, the diluent solution may comprise one or 
more solubiliZers, and may also comprise a salt. The solu 
biliZer may be an emulsi?er, or a polysorbate (such as 
polysorbate 20) or sodium lauryl sulfate and the salt may be 
any Water soluble metal/halogen salt. In particularly pre 
ferred embodiments, the salt is sodium chloride or potas 
sium chloride. 

The composition containing a lipid may be contacted With 
the diluent solution, such as by pouring or placing the 
composition into a bottle containing the diluent solution, or 
vice versa. The composition may be dissolved in the diluent 
solution, and then passed through a ?ltration device. The 
?ltration device may be an ordinary nylon ?lter With pores 
of 0.2 pm or small enough to retain at least-a portion of the 
microbes being sought to be determined. The microbes 
Which may be present on the ?lter may then be incubated for 
a period of time necessary to observe their groWth. For 
example, the Whole ?lter may be placed in an appropriate 
culture medium, or the ?ltration device ?lled With medium, 
or the organisms may be removed from the ?lter and placed 
into the medium. After incubation of the microbes, the assay 
result may then be read to determine if organisms Were 
present in the sample. 

The present invention therefore provides methods of 
validating the sterility of compositions containing lipids. 

In preferred embodiments, the present invention may be 
employed for determining the presence or absence of micro 
organisms in compositions comprising antibiotics sus 
pended in a phospholipid matrix. In preferred embodiments, 
the antibiotic may be oxytetracycline, the diluent solution 
may be a base, and the phospholipids may be present in the 
form of microcrystals, liposomes, or microdroplets. The 
diluent solution may also contain a salt and an emulsi?er. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Liposomes are multilamaellar vesicles. They generally 
have a lipid bilayer structure Which is also layered Within the 
total vesicle structure. Many layers may exist Within the 
liposome. 

Microdroplets comprise liquids encased in a layer of 
lipids. The lipid structure Which surrounds and is part of the 
microdroplet is generally not multi-layered, but is generally 
a monolayer structure. Microdroplets typically have a diam 
eter of from about 10 pm to about 40 or 50 pm. 
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Microcrystals are small crystals Which usually have a 
lipid layer (but not a bilayer). They comprise a solid crystal 
encased in some type of lipid matrix. Microcrystals gener 
ally have a diameter of from about 0.5 pm to about 10 or 
even 20 pm. 

By “bacteriocidal agent” is meant any composition Which 
has the effect of inhibiting the groWth of or destroying 
bacteria. Bacteriocidal agents may be antibiotics, detergents, 
or other chemicals (e.g., sodium aZide) Which inhibit the 
groWth of or destroy bacteria. 
By “solubiliZer” is meant a compound Which increases the 

solubility of another compound or composition. 
The methods of the present invention may be broadly 

applied to lipid-containing compositions. The methods of 
the present invention may ?nd particular utility for validat 
ing the sterility of compositions Which are especially high in 
lipid content such as compositions containing liposomes, 
microdroplets, or microcrystals. These methods may ?nd 
particular suitability in the determination of the presence or 
absence of microorganisms in or for the sterility validation 
of lipid-containing compounds Which also contain highly 
insoluble antibiotics, for example, microcrystals Which con 
tain oxytetracycline. These compositions are provided as 
examples and are not intended to be limiting. The person of 
ordinary skill Will realiZe that these principles are broadly 
applicable for determining the presence or absence of micro 
organisms or for validating the sterility of a Wide variety of 
lipid-containing compounds. Compositions containing 
liposomes, microdroplets, and microcrystals have been very 
dif?cult or impossible to ?lter through a membrane With 
pores small enough to retain microbes Which may be present 
in ?ltered solution, due to the high lipid content of these 
compositions. In particular, microcrystals may contain 
highly insoluble particulate materials Which are coated With 
lipid. The lipid content of these compositions tends to 
quickly clog the pores of the membrane and stop the How of 
liquid through the membrane. When high concentrations of 
antibiotics or other bacteriocidal compounds are encapsu 
lated in these compositions, they destroy bacteria Which may 
be “spiked” into samples for the purposes-of sterility vali 
dation controls, thereby negating the validity of the assay. 

The principles of the present invention involve contacting 
the sample to be tested With a diluent solution Which Will at 
least partially solubiliZe the composition. The diluent solu 
tion may contain components-or be designed to have 
physico-chemical characteristics Which are directed toWards 
increasing the solubility of one or more components of the 
sample to be tested. The diluent solution may thus be an 
acidic or a basic solution, depending on the solubility or 
other chemical characteristics of the sample compound of 
interest at particular pH ranges. In a preferred embodiment, 
a detergent or emulsi?er may be included to facilitate the 
breaking up and solubiliZation of the lipid matrix, thereby 
producing a composition in a suf?ciently ?uid state that it 
may be passed through a ?lter, membrane, or other type of 
?ltration device With pores small enough to retain microbes 
Which may be present in the solution. In a preferred 
embodiment, a combination of detergents and emulsi?ers 
may be used at a concentration of from 1 to 10% W/v. For 
example, sodium lauryl sulfate (sodium dodecyl sulfate) or 
other similar emulsi?ers of betWeen 4 and 12 carbons in 
chain length may produce desirable results. Alternatively, 
polysorbates of betWeen 20 and 80 carbons in chain length 
may produce desirable results. Microbes Which may be 
captured on the ?ltration device may then be incubated With 
a broad spectrum groWth medium Which may be capable of 
supporting the groWth of any microbes Which may be 
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4 
present. In a preferred embodiment, the medium may be 
capable of supporting reproductive groWth of microbes. In 
particularly preferred embodiments, the medium may be 
trypticase soy broth (USP), or ?uid thioglycolate medium 
(USP) or another suitable microbe groWth medium. 
The methods may also be applied to facilitate the handling 

of lipid-containing compositions for a variety of other 
purposes as Well. For example, the present invention-may be 
applied to enhancing analytical assays for Which it Would be 
useful to solubiliZe the lipid content of a sample to be tested. 
The invention may also be useful in assays Where it Would 
be advantageous to increase the reactivity of an analyte 
Within a lipid matrix With a chromophore. The present 
methods may also be applied for enhanced Waste disposal, 
or enhanced spill clean up in Which it may be advantageous 
to solubiliZe a lipid matrix prior to disposal. The person of 
ordinary skill Will realiZe that the present invention is also 
applicable to other applications Where solubiliZation of a 
lipid rich material is desirable, and that these applications 
are meant to be Within the scope of the present invention. 

The methods of the present invention may be applicable 
to a Wide variety of lipid containing compositions With only 
minor adjustments to the method. 

Generally, the methods of the present invention involve 
consideration of the solubility pro?le of the particular com 
position in question. The pH of the composition should be 
adjusted With consideration to that pro?le and the compo 
sition adjusted to a pH Where its solubility or the solubility 
of a major component of the composition is enhanced 
relative to other pH values. SolubiliZers, such as detergents, 
emulsi?ers, or other solubiliZing agents may then be added 
in appropriate quantities to solubiliZe the lipid matrix, the 
compound of interest, or another major component of the 
composition. Sodium chloride, potassium chloride, or 
another Water soluble metal/halogen salt may also be added 
since it has been found to further solubiliZe lipid matrices, 
such as lecithin. The surprising result of applying the above 
concepts may be a diluent solution Which is capable of 
solubiliZing the composition of interest, and rendering it 
?lterable. The diluted and solubiliZed composition may then 
be ?ltered and the microbes captured on the ?lter, 
membrane, or other ?ltration device incubated and exam 
ined for signs of microbial groWth in conventional fashion. 
The methods are further illustrated through the folloWing 

examples. These examples are provided only as representa 
tive examples and are not intended to be limiting. The person 
of ordinary skill Will realiZe that these methods may be 
applied to determination of-the presence or absence of 
bacteria, or to facilitate the sterility validation of a variety of 
compounds. 

EXAMPLE 1 

This example illustrates hoW the methods of the present 
invention Were applied to validate the sterility of 25% 
oxytetracycline dihydrate suspended in a phospholipid syrup 
(lecithin) matrix. The unmodi?ed product Was not ?lterable 
since its phospholipid matrix quickly clogged the pores of a 
0.45 pm membrane. This type of composition presents 
particularly dif?cult problems With validation assays 
because the oxytetracycline is itself an antibiotic. Therefore, 
sterility validation by direct injection of the compound into 
a groWth medium Was not feasible. In addition to oxytetra 
cycline (25% W/v) suspended in a phospholipid syrup (20% 
W/v), the formulation also contained mannitol (2.25% W/v), 
methylparaben (0.18% W/v), propylparaben (0.02% W/v), 
sodium hydroxide, hydrochloric acid, and Water for injec 
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tion. The nominal pH of the product Was 6.50. The solubility 
pro?le for oxytetracycline dihydrate indicated it Was most 
soluble at pH 9.0. It Was also discovered that lecithin is 
soluble in NaCl. Therefore, a diluent solution Was prepared 
Which contained the following: 

970 ml deioniZed Water 

30 ml polysorbate 20 

20 g sodium lauryl sulfate 

15 g Tris base (Tris(hydroxymethyl)aminomethane) 
optionally, 10 g of sodium chloride 

The solution Was pH adjusted to 8.75:0.02 With HCl and 
placed into 1 L siZe glass bottles With screW tops and 
septums. This diluent solution Was then steriliZed by auto 
claving. 

FolloWing steriliZation of the diluent solutions, a control 
bottle Was chosen randomly. This bottle Was used only to 
determine pH adjustments or titrations and Was not used for 
testing. Using a 60 ml syringe and large gauge needle (16G), 
50 ml of oxytetracycline suspension Was aseptically 
removed through the product-container’s septum and added 
to the control bottle. The control bottle Was shaken Well and 
a portion Was removed to determine the pH. The pH Was 
adjusted to 8.65—8.75 using 10 N NaOH, added dropWise. 
The amount of NaOH added Was recorded. 

TWo bottles of diluent solution Were heated to 40° C. in 

a Water bath. 50 ml of the oxytetracycline suspension sample 
Was removed and added to each steriliZed diluent solution in 
the same aseptic manner as the control bottle. NaOH Was 

added in an amount equal to that determined With the control 
bottle. The contents of the tWo bottles Were then passed 

through STERITEST® (Millipore Corp., Mass.) ?lters, 
although equivalent microbiological ?lters Which are com 
monly available may, of course, also be used in the method. 
For example, 0.2 pm nylon ?lters may be useful in practicing 
the present invention. Each ?lter Was rinsed With 500 ml of 
Fluid A upon completion of the ?ltering of the one liter of 
diluent solution sample. After the rinsing, 100 ml of tryptic 
soy broth (TSB) Was added to one ?lter canister and 100 ml 
of ?uid thioglycolate medium (FTM) Was added to the other. 
The TSB bottle Was then incubated for 14 days at 20—25° C. 
and FTM bottle Was incubated for 14 days at 30—35° C. Test 
articles Were considered sterile if they Were free of turbidity 
at the end of the 14 days. 

Fluid A (also knoWn as diluting ?uid A, rinsing ?uid A, 
and dilute peptic digest) Was comprised of 1.0 g of peptic 
digest of animal tissue (bacteriological peptone) and 1000 
mL of deioniZed Water. 

Tryptic soy broth (TSB, also knoWn as-trypticase soy 
broth or soybean-casein digest medium) Was comprised of 
the folloWing: 

Pancreatic digest of casein 
Papaic digest of soybean meal 3.0 g 
Sodium chloride 5.0 g 
Dibasic potassium phosphate 2.5 g 
Dextrose 2.5 g 
puri?ed Water (deionized) 1000 mL 

Fluid Thioglycolate Medium (FTM) Was comprised of the 
folloWing: 
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L-Cystine 0.5 g 
Sodium chloride 2.5 g 
Dextrose 5.5 g 
Agar, granulated 0.75 g 
Yeast extract (Water soluble) 5.0 g 
Pancreatic digest of casein 15.0 g 
Sodium thioglycolate or 0.5 g 
thioglycolic acid 
Resazurin sodium solution 0.3 ml 
(1 in 1000, freshly prepared) 
puri?ed Water (deionized) 1000 ml 

EXAMPLE 2 

This example illustrates hoW the method itself Was vali 
dated. Due to the nature of the sample manipulations, not 
only Were test organisms placed in the ?nal rinse With Fluid 
A, but Were also spiked into steriliZed diluent bottles prior 
to the pH adjustment and diluent solution Was then treated 
as a test article (Without addition of oxytetracycline 
product). Test organisms Were also spiked into Fluid A and 
?ltered through to serve as a positive control. 

FolloWing the pH determination/titration of the control 
bottle, 50 ml of the oxytetracycline suspension Was added to 
1 L of the steriliZed diluent solution. The pH of the solution 
Was 7.95. 10 N NaOH Was added dropWise to the bottle (six 
drops) to achieve a ?nal pH of 8.65. 

Five bottles of sterility diluent solution Were heated to 40° 
C. for testing of spiked diluent solution. Each bottle con 
taining sterility diluent solution Was spiked With 10—100 cfu 
of test organisms. The ?ve bottles Were dedicated as folloWs: 
TSB and Candida albicans, FTM and Candida albicans, 
TSB and Bacillus subtilis, FTM and Bacillus subtilis, FTM 
and Clostridium sporogenes. The pH Was adjusted to 7.95 
With HCl, then 6 ml of NaOH Was added to simulate product 
handling. 
TWo bottles of sterility diluent Were heated to 40° C. for 

product testing. TWo other bottles of sterility diluent Were 
heated to 40° C. for the sterility check of the diluent. 
A bottle of sterility diluent containing 10—100 cfu of 

Candida albicans Was ?ltered through a single side of a dual 
canister STERITEST® unit. 500 ml of Fluid A Was used to 
rinse the ?lter and 100 ml of FTM Was then added to the 
canister. The process Was repeated for Candida albicans 
using TSB media, and Bacillus subtilis using TSB and FTM, 
and Clostridium sporogenes using FTM. 

For the positive control, 0.1 ml of C lostridium sporogenes 
Was added directly to the ?nal 100 ml of the 500 ml Fluid 
Arinse and 100 ml of FTM Was added to the STERITEST® 
canister. The process Was repeated for Candida albicans 
using FTM and TSB and Bacillus subtilis using FTM and 
TSB. 

For the product test tWo 50 ml portions of the oxytetra 
cycline suspension in tWo 1 L sterility diluent bottles Were 
?ltered through STERITEST® canisters. Each membrane 
Was rinsed With 500 ml of Fluid A. After rinsing, one 
canister Was ?lled With 100 ml of FTM and the other With 
100 ml of TSB. 

For sterility testing of the sterility diluent solution, tWo 1 
L siZe bottles of sterility diluent solution Were ?ltered 
through STERITEST® canisters. Each membrane Was 
rinsed With 500 ml of Fluid A. After rinsing one canister Was 
?lled With 100 ml of FTM and the other With 100 ml of TSB. 

For negative control, 500 ml of Fluid A Was rinsed 
through a STERITEST® canister for each membrane. After 
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rinsing, one canister Was ?lled With 100 ml of FTM and the 
other With 100 ml of TSB. 

All FTM STERITEST® canisters Were incubated at 
30—35° C. for 14 days and all TSB canisters Were incubated 
at 20—25° C. for 14 days. Canisters Were examined periodi 
cally and at the end of the 14 days for signs of turbidity. The 
positive controls, positive diluent spikes, and positive prod 
uct spikes all shoWed signs of microbial groWth (turbidity). 
The onset of the turbidity and the level of turbidity Were 
equivalent in all samples tested. All negative control, diluent 
tests, and product tests shoWed no signs of turbidity after 14 
days. 
What is claimed is: 
1. A method of determining the presence or absence of 

microbes in a composition containing a lipid, comprising: 
dissolving the composition containing a lipid in a diluent 

solution to form a diluted sample, the dissolving of the 
composition being performed by; 
providing the diluent solution at a pH Where the solu 

bility of the composition containing a lipid or the 
solubility of a major component of the composition 
containing a lipid is enhanced relative to the solu 
bility at other pH points, the diluent solution com 
prising one or more solubiliZers; and 

contacting the composition containing a lipid With the 
diluent solution; 

passing the diluted sample through a ?ltration device; 
incubating the microbes Which may be present on the 

?ltration device for a time necessary to observe the 
groWth of microbes Which may be present; and 

examining the assay result to determine the presence or 
absence of microbes. 

2. The method of claim 1 Wherein the diluent solution 
further comprises a salt. 

3. The method of claim 1, Wherein the composition 
containing a lipid contains liposomes, microdroplets, or 
microcrystals. 

4. The method of claim 1, Wherein the composition 
containing a lipid contains a phospholipid. 

5. The method of claim 4, Wherein the phospholipid is a 
lecithin. 

6. The method of claim 4 Wherein the phospholipid is 
comprised in microcrystals, liposomes, or microdroplets. 

7. The method of claim 1 Wherein the composition 
containing a lipid further comprises a bacteriocidal agent. 

8. The method of claim 7 Wherein the bacteriocidal agent 
is an antibiotic. 

9. The method of claim 8 Wherein the antibiotic comprises 
oxytetracycline. 

10. The method of claim 1 Wherein the solubiliZer com 
prises an emulsi?er. 

11. The method of claim 1 Wherein the solubiliZer is an 
emulsi?er of betWeen four and eleven carbons. 

12. The method of claim 1 Wherein the solubiliZer is a 
polysorbate and/or sodium lauryl sulfate. 
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13. The method of claim 12 Wherein the polysorbate is 

polysorbate 20. 
14. The method of claim 1 further comprising a Water 

soluble metal/halide salt. 
15. The method of claim 14 Wherein the salt is sodium 

chloride or potassium chloride. 
16. The method of claim 1 Wherein the one or more 

solubiliZers comprise polysorbate 20 and/or sodium lauryl 
sulfate, and further comprising a Water soluble metal/ 
halogen salt. 

17. A method of determining the presence or absence of 
microbes in a composition comprising an antibiotic sus 
pended in a phospholipid matrix, comprising: 

dissolving the composition in a diluent solution to form a 
diluted sample, the dissolution being performed by; 
providing the diluent solution at a pH Where the solu 

bility of the composition or the solubility of a major 
component of the composition is enhanced relative 
to the solubility at other pH points, the diluent 
solution comprising one or more solubiliZers and a 

salt; 
contacting the composition With the diluent solution; 

passing the diluted sample through a ?ltration device; 
incubating the microbes Which may be present on the 

?ltration device for a time necessary to observe the 
groWth of microbes Which may be present; 

examining the assay result to determine the presence or 
absence of microbes. 

18. The method of claim 17, Wherein the composition 
containing a lipid contains liposomes, microdroplets, or 
microcrystals. 

19. The method of claim 17, Wherein the composition 
containing a lipid contains a phospholipid. 

20. The method of claim 19, Wherein the phospholipid is 
a lecithin. 

21. The method of claim 19 Wherein the phospholipid is 
comprised in microcrystals, liposomes, or microdroplets. 

22. The method of claim 17 Wherein the antibiotic com 
prises oxytetracycline. 

23. The method of claim 17 Wherein the solubiliZer 
comprises an emulsi?er. 

24. The method of claim 17 Wherein the solubiliZer is a 
polysorbate or sodium lauryl sulfate. 

25. The method of claim 17 Wherein the solubiliZer is an 
emulsi?er of betWeen 4 and 11 carbons. 

26. The method of claim 24 Wherein the polysorbate is 
polysorbate 20. 

27. The method of claim 17 Wherein the salt is a Water 
soluble metal/halide salt. 

28. The method of claim 27 Wherein the Water soluble 
metal/halide salt is sodium chloride or potassium chloride. 

* * * * * 


